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MDCT;
Rigid bronchoscopyAbstract Aim: To evaluate the efﬁcacy of multidetector CT (MDCT) and its post-processing
techniques including virtual bronchoscopy in evaluation of tracheobronchial foreign body inhala-
tion in infants and children.
Patients and methods: During the period from March 2011 to October 2013, 21 consecutive
patients (8 females, 13 males, age range from 18 month to 7 years) were referred to the radiology
department for CT evaluation for suspected FB inhalation. CT was done on a 16-slice scanner.
No IV contrast was used. MDCT ﬁndings were compared with the results of rigid bronchoscopy.
Results: MDCT detected FB in 17 patients, two cases had true ve results, one case had false +ve
and one case had false ve results compared with conventional bronchoscopy. MDCT revealed
hyper-aeration of the ipsilateral lung in 42.9 % patients, atelectasis in 57.1%, pneumonic consoli-
dation in 71.4%. According to bronchoscopy, foreign body was identiﬁed and extracted in 18
patients. The right main bronchus, left main bronchus and trachea were the commonest sites.
Conclusion: Multidetector CT with the aid of virtual bronchoscopy is a reliable noninvasive
method that allows detection and localization of tracheobronchial FB.
 2014 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier
B.V. Open access under CC BY-NC-ND license.
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ination of 21 patients.
Clinical presentation No
Cough 19 (90.5)
Wheezing 12 (57.1)
Decreased and abnormal pulmonary sounds 13 (62%)1. Introduction
Foreign body (FB) airway aspiration is a common and serious
problem in children younger than three years of age. Early
diagnosis is essential to prevent complications, irreversible
lung damage, and even death. Clinical history and physical
examination can provide diagnostic clues, but a doubtful his-
tory of FB aspiration may delay diagnosis (1).
Children with a history of sudden cough, wheezy chest
especially in the absence of known pulmonary diseases such
as asthma, or chronic pulmonary infection should be suspected
having an airway FB (2). Although, chest radiography is gen-
erally the ﬁrst radiologic modality used in diagnosis, it may
yield negative results in up to 30% of children who aspirate
FBs because most of FBs are non-radiopaque and typical indi-
rect radiologic signs, such as emphysema, atelectasis, and
pneumonic inﬁltration are not found in all the patients (3,2).
Deﬁnitive diagnosis and management is often made by rigid
bronchoscopy, but this is an invasive procedure that requires
general anesthesia and that may lead to complications on rare
occasions in children (4).
One alternative to bronchoscopic evaluation of patients
with suspected FB aspiration is CT scan (5,6). This has been
strengthened by the introduction of multislice CT scans with
realistic 3-dimensional reconstruction and virtual bronchos-
copy (7–10).
In the current study, we evaluate the utility of MDCT in
children with suspected airway FB aspiration especially with
the use of the recent post processing techniques such as mini-
mum intensity projection and virtual bronchoscopy.
2. Patients and methods
2.1. Collection of patients
The study was approved by the institutional review board.
During the period from March 2011 to October 2013, 21 con-
secutive patients (8 females, 13 males, age range from
18 month to 7 years), were suspected to have foreign body
aspiration according to their history, physical examination
and chest X-ray. Clinical presentation is given in Table 1. Time
of presentation varied from 1 to 25 days after aspiration.
Patients were referred from the Pediatric Department to Radi-
ology Department for MDCT examination.
All patients underwent evaluation by rigid pediatric
bronchoscopy within 24 h after MDCT at the CardiothoracicSurgery Department. All CT ﬁndings were compared with
the results of rigid bronchoscopy as a gold standard.
2.2. MDCT technique
All CT examinations were performed on a 16-slice machine
(GE bright speed, General Electric, Milwaukee, WI, USA)
using the following parameters: collimation, 4 · 2 mm; pitch,
1.375 (corresponding to manufacturer’s pitch of 5.5); rotation
time, 0.75 s; 120 = kVp; and =20 100–180 m As. Acquisition
time was roughly 30 s.
Axial sections were reconstructed on workstations
(advanced workstation AW) with commercially available soft-
ware capable of producing multiplanar reformates (MPR),
maximum intensity projection (MIP), minimum intensity pro-
jection (minIP) and virtual bronchoscopy.
Orally administered chloral hydrate was used as a sedative
agent, 50–100 mg/kg (maximum dose 2000 mg). No IV con-
trast was used during CT scanning. Once sedated, patients
were examined in the supine position with elevated arms. Scout
view included the chest and upper abdomen.
Navigation through the tracheobronchial tree was per-
formed in the ﬂy-through mode beginning in the trachea. In
addition, reformatted coronal and sagittal images of the tra-
cheobronchial tree were performed.
Axial CT images were interpreted ﬁrst, followed by the
coronal and sagittal reformatted images. Finally, virtual bron-
choscopy was performed. The screen is divided into multiple
quadrants that display virtual bronchoscopic images, axial
CT images, sagittal reformatted images, and coronal reformat-
ted images simultaneously on one screen. The axial CT images
and multiplanar reformatted images were viewed with stan-
dard lung window and standard soft-tissue window settings.
For image analysis, the central airways of each patient were
divided into separate sections: trachea, right main bronchus,
intermediate bronchus, right upper lobe bronchus, middle lobe
bronchus, right lower lobe bronchus, left main bronchus, left
Fig. 1 Rigid pediatric bronchoscopy.
Table 2 Multislice CT ﬁndings.
Finding No
No FB 3
Hyperaeration of the ipsilateral lung 9
Atelectasis 12
Pneumonic consolidation 15
Table 3 Location of detected FB according to bronchoscopy.
Location N (%)
Trachea 3 (14)
Right main 7 (33)
Right middle 3 (14)
Right lower 2 (9)
Left main 3 (14)
Left lower 1 (4)
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bronchus.
The virtual endoscopic view which began at the tracheal
inlet moved to the trachea, right, left lung bronchi, and upper
lobes; then moved to the middle lobe and lingula; and ﬁnally
moved to the lower lobes.
Post-processing time ranged between 25 and 35 min. for
each study. The virtual images for each patient were saved as
digital ﬁles. Axial images and virtual bronchoscopy images
were evaluated together. A total of 220 sections were evalu-
ated. For each bronchial section, image ﬁndings of virtual
bronchoscopy, axial CT, coronal reformatting, and sagittal
reformatting were correlated with those of rigid bronchoscopy.
3. Bronchoscopy
Bronchoscopy was performed to all patients using a rigid pedi-
atric bronchoscopy (Fig. 1) with its size ranging from 3.5 to 5
under general anesthesia in the operating room. After monitor-
ing (HR and So2) and careful induction and maintenance of
inhalation anesthesia and IV muscle relaxant, the appropri-
ate-size of Pediatric Rigid Bronchoscope was inserted under
direct vision past the vocal cords. Firstly, the unaffected bron-
chus was evaluated for foreign bodies, anatomic abnormalities,
or inﬂammation. The foreign body, once visualized, could be
extracted using the Alligator Grasping Forceps (FB Forceps).
After the foreign body was extracted, irrigation and suction
through bronchoscopy were performed for any retained frag-
ments, trapped secretions for culture, and to be sure of the pat-
ent tracheobronchial tree. Co-operation was found between
Cardiothoracic Surgery Bronchoscopist and Anesthetist dur-
ing the whole procedure to avoid hypoxia.
Data were collected after bronchoscopic procedure includ-
ing; presence or absence of FB, site of FB aspirated, type of
FB, and comparison between these ﬁndings and previous
radiological data.
Postoperatively, patients were observed in the hospital for
any complications for 4–6 h. All patients were examined clini-
cally before discharge. Medications were prescribed for the
treatment of laryngeal spasm and chest infection.
4. Results
Data were checked, coded, entered and analyzed by using
SPSS (Statistical Package for Social Sciences) version 17.0 soft-
ware. According to MDCT, FB was reported in 18 patientsone of them had false +ve results compared with conventional
bronchoscopy and 3 patients were reported free. MDCT
revealed hyper-aeration of the ipsilateral lung in 9 patients,
segmental atelectasis in 12 patients, and pneumonic consolida-
tion in 15 patients (Table 2). According to bronchoscopy, for-
eign bodies were successfully identiﬁed and removed by
bronchoscopy in 18 (85.7%) patients, the remaining 3 patients
had ve bronchoscopy. The location of the foreign bodies in
the tracheobronchial tree is shown in Table 3.
A wide variety of foreign bodies were retrieved, but seeds
were the most common accounting for 11/18 cases (61.1%)
of all foreign bodies. Other types of foreign bodies removed
included; pencil head in 2, pins in 1, and chicken bone in 2
cases (Figs. 1 and 2).
Post-bronchoscopy complications occurred in 3 children
(14.3%) and included bronchospasm in 2 patients and subglot-
tic edema in 1 patient. These complications were treated con-
servatively. There were no deaths in this series. Correlation
between CT and bronchoscopic ﬁndings is given in Table 4.
Sensitivity, speciﬁcity and accuracy of MDCT are given in
Table 5.
5. Discussion
Foreign body aspiration is an important cause of morbidity
and mortality in the pediatric group that is frequently encoun-
tered in children between (1 and 5) years (2,11). Prompt diag-
nosis and management of aspirated FB is very important to
prevent serious complications (12). Missed or delayed diagno-
sis can result in respiratory complications, such as chronic
wheezing, recurrent pneumonias, or lung damage (1,2). The
common chest radiographic ﬁndings are air trapping, segmen-
tal or lobar collapse, consolidation, and sometimes shadows of
the inhaled FB (3,4). Chest radiographs are normal in about
one third of patients with inhaled FB, and frequently insufﬁ-
cient for the diagnosis of FB aspiration (12).
Although radiopaque foreign bodies are obvious on radio-
graphic studies, only 10% of foreign bodies are radiopaque
(12). The presence of pulmonary inﬁltrates may misdirect the
management away from foreign body aspiration (1,2,13).
Unilateral radiolucent lung is the most important radiographic
Fig. 2 Reformatted coronal (a), sagittal (b) MIP images, sagittal 3D VR images (c) and virtual bronchoscopy images from MDCT in a
patient with suspected inhaled FB show a dense FB (arrow) lodged within the trachea and partially extending to the right main bronchus.
Table 4 Correlation between multislice CT & bronchoscope
in detection of FB.
True +ve True ve False +ve False ve
CT B CT B CT B CT B
17 18 2 3 1 0 1 0
Table 5 Sensitivity, speciﬁcity and accuracy of CT in detect-
ing FB.
Sensitivity Speciﬁcity Accuracy
94.4% 75% 90.4%
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reported sensitivity and speciﬁcity of chest radiography for
foreign body detection are only 68% and 67%, respectively
(14).
CT is a sensitive diagnostic imaging technique but is
reserved for the diagnosis of elusive cases of a foreign body
aspiration because of its radiation hazard (10,15). CT not onlyshows both opaque and non-opaque foreign bodies in the tra-
cheobronchial tree but also sensitively detects air trapping and
segmental pulmonary changes (14).
Seeds were the most common FB in our series accounting
for 11/18 cases (72.2%). Other types of foreign bodies removed
included; pencil head in 2, pins in 1, and chicken bone in 2
cases. This agrees with other studies who stated that organic
FBs are the most frequently inhaled ones (16–19). Diagnosis
of organic foreign body aspiration may be difﬁcult because
most organic foreign bodies are not opaque. Therefore, they
are associated with a longer elapsed time from aspiration to
diagnosis. They tend to swell with time and cause bronchial
obstruction with subsequent endobronchial reaction, granula-
tion tissue, and ﬁnally stenosis of the bronchus (4).
The most reliable CT ﬁndings of an aspirated foreign body
in our study are its presence within the lumen of the
tracheobronchial tree. Associated features are usually
secondary parenchymal changes in the affected lobe.
Virtual endoscopy of the tracheobronchial system is a rela-
tively new post-processing technique and well established in
adults (20–24). In pediatric patients, the value of virtual bron-
choscopy has not been well established yet (8). To the best of
our knowledge, only four studies on the application of virtual
bronchoscopy have been published, describing the technique
and the comparison of virtual bronchoscopy with conventional
bronchoscopy (22,25–27).
Fig. 3 Coronal minIP (a), axial (b) and virtual bronchoscopy (c) images fromMDCT show ﬁlling defect within the left main bronchus in
this child with suspected FB with ve chest X ray. (d) Shows the removed FB. Note the hyperinﬂated right lung.
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tracheobronchial walls and lumen (8). High-performance
workstations permit computer post-processing of complex
algorithms and virtual reality techniques (8). Because of a per-
spective-rendering algorithm, virtual bronchoscopy simulates
an endoscopist’s view of the internal surface of the airway.
The observer may interactively move through the airway. This
technique may be performed with 3D surface-rendering and
volume-rendering techniques (28). These techniques allow
accurate reproduction of major endoluminal abnormalities
with an excellent correlation with ﬁber-optic bronchoscopy
results regarding the location, severity, and shape of airway
pathology including endoluminal FB (7).
Retained secretions and artifacts may result in false-posi-
tive ﬁndings; this may explain the case with false +ve
results in our series. In one of our patients we could not
conﬁdently report the presence of FB according to CT ﬁnd-
ings, this was explained by the fact that this patient had
small FB in the distal subsegmental bronchus and was
obscured by the surrounding segmental lung consolidation
that made conﬁdent reporting of FB difﬁcult, but because
the patient was under a strong clinical suspicion of inhaled
FB, together with the ancillary ﬁndings like the unresolved
pneumonia, hyperinﬂation of the contralateral lung, bron-
choscopy was done and revealed distal segmental FB
(Fig. 3).
The sensitivity of MDCT in our study was 94.4%, speciﬁc-
ity was 75% and accuracy was 90.4%, this is slightly less than
the results of Soo-long Hong et al. (12) who stated that CT
scan and virtual bronchoscopy have identiﬁed the presence
and location of FBs with sensitivity of 100% and speciﬁcityof 66.7%, this may be attributed to the presence of endolumi-
nal sections and artifacts.
Our study had several limitations, including relatively small
number of patients which may be in-adequate to make ﬁnal
recommendation with respect to the efﬁcacy of evaluation.
Another limitation of our study is that virtual bronchos-
copy could not show the sub-segmental parts of the tracheo-
bronchial system while with rigid bronchoscopy, no false
positive or false negative cases were detected.
In the future, when applications of virtual bronchoscopy
are expanded to include the examination of segmental and sub-
segmental bronchi, the use of MDCT may have considerable
advantages related to a further reduction in collimation.
All the ﬁndings of foreign body aspiration were seen on
axial images. The added value of virtual bronchoscopy over
simple thin-section axial images is that it gives both a different
conﬁrmatory perspective and pretty pictures for the clinicians.
We conclude that the use of MDCT virtual bronchoscopy
should be considered in pediatric patients with pulmonary
inﬁltrates that fail to resolve in the usual time (10–14 days).
Moreover, chronic, unexplained respiratory symptoms should
warrant further investigation on MDCT to rule out foreign
bodies. MDCT may be also useful in ruling out a foreign body
in patients with a low level of suspicion and normal or nonspe-
ciﬁc chest radiography ﬁndings and in showing the exact loca-
tion of the foreign body before bronchoscopy.
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